Meshless method choosing Heaviside function as a test function for solving simply supported thin plates under various loads as well as on regular and irregular domains is presented in this paper. The shape functions using regular and irregular nodal arrangements as well as the order of polynomial basis choice are constructed by moving Kriging interpolation. Alternatively, two-field-variable local weak forms are used in order to decompose the governing equation, biharmonic equation, into a couple of Poisson equations and then impose straightforward boundary conditions. Selected mechanical engineering thin plate problems are considered to examine the applicability and the accuracy of this method. This robust approach gives significantly accurate numerical results, implementing by maximum relative error and root mean square relative error.
Introduction
The structures of plate are one of the important components in various applications. There are many scientists or researchers who have analyzed these structures. Exact analysis for such a plate is usually very difficult, in spite of the existence of analytical solution in some special cases of geometry and loads. Therefore, various numerical methods have been developed. Meshless methods have become very attractive and efficient for development of adaptive methods for solving thin plate bending problems. The main advantage of meshless methods is to get rid of or at least alleviate the difficulty of meshing and remeshing the entire plate structure. For analysis of thin plate bending, it is well known that high order derivatives of field variables in the governing equation give rise to difficulties in solution of boundary value problems because of worse accuracy of numerically evaluated high order derivatives. The order of the differential operator can be decreased mathematically by decomposing this operator into two lower order differential operators with introducing new field variables. To circumvent the problems associated with meshing, a number of works for plates have been investigated based on meshless methods. Meshless methods can be traced back to 1977 when Lucy, Gingold and Monaghan [1] proposed a smooth particle hydrodynamics (SPH) method that was used for modeling astrological phenomena without boundaries, such as exploding stars and dust clouds. Krysl and Belytscho [2] first employed the element free Galerkin method (EFGM) to analyze the thin plate problems while Liu Gu [3] introduced the idea of moving Kriging interpolation (MK) and show how it can be used to formulate a new type of meshless method in heat conduction problems. In 1998, the meshless local Petrov-Galerkin (MLPG) method was first proposed by Atluri and Zhu [4] , [5] . This method has been applied widely and very successfully in recent years. This method is based on moving least squares (MLS) approximation for construing nodal shape function and used the local weak formulation for substituting the trial function transformed into the discretized system of linear equations. The main advantage of this method is that it only requires nodes and a description of the external and internal boundary conditions, therefore, no element connectivity, neither total nor part, is needed. Effective implementations of MLPG method are keys to success [6] , [7] , [8] , [9] . Three years later, Long and Atluri [10] extended the meshless local Petrov-Galerkin (MLPG) for solving thin plate bending problems. Sladek et al. [11] applied the new field variable for solving thin plate bending problems by meshless method based on the moving least squares approximation (MLS) and point interpolation approximation. Recently, Kaewumpai et al. [12] , [13] presented two-field-variable meshless method based on polynomial augmented radial point interpolation for solving thin plate problems with subjected to boundary of the second kind. All of these meshless methods do not need an element mesh for the interpolation of the field or boundary variables. The purpose of this paper is to present the meshless method with two-field-variable local weak form for solving simply supported thin plate problems subjected to various loads as well as regular and irregular domains. Moving Kriging interpolation is employed to construct the nodal shape function choosing the Heaviside step function is used as the test function. Selected numerical examples are considered comparing with exact solution which measured with the maximum of relative error and root mean square of relative error.
Moving Kriging Interpolation
Moving Krigking interpolation (MK) can be extended to any sub-
and the shape function () Φx is defined by
(2) where () px is a complete monomial basis: 
Thin Plate Bending Equation and Discretization

Governing Equations
In the classical Kirchhoff's theory of bending of thin plates [9] , the governing equation which results in the biharmonic equation may be written as (11) where () w x is the plate deflection, () q x is the prescribed load normal to the plate, 
Introducing the new field variable with assuming the flexural rigidity to be constant, we obtain 
Discretization
Using the local weighted residual method, Eq. (13) 15) and Eq. (16), the following local weak forms can be obtained
Next, transverse deflection w and a new variable m are interpolated by using MK; consequently, the following discrete equation for each node is obtained
where  , 1,2, , . i j N
Numerical Examples
In this section, some numerical results are presented to verify this approach which compare to an exact solution by investigating the accuracy and convergence as well as computational efficiency of presented formulation and technique. The accuracy of numerical solutions is illustrated by plotting the selected number of nodal points versus the maximum relative error as well as root mean square relative error in tests of accuracy of approximation for deflections at evaluation. Both of errors were defined as: First of all, the linear and quadratic bases are chosen in order to construct nodal shape function by using moving Kriging interpolation. In all the following examples, correlation parameter is set as 0.5 for being a smooth curve while the radius of each local subdomain should be big enough such that the union of all local subdomains covers as much as possible in order to avoid singularity of calculated matrices. For this reason, the radius of the local subdomain of each boundary node is taken as 0. Fig. 1 and Fig. 2 , respectively. 
where 0 q represents the intensity of the load at center of the plate, D is the flexural rigidity and , ab are the side length of a rectangular plate. The fictitious values w versus exact solution and absolute value of the difference between exact solution and approximate solution is shown in Fig. 3 . Tabular errors using linear basis and quadratic basis for nodal shape construction of Example 4.1 are shown in Table 1 and Table 2 , respectively. According to both tables, these results show the convergence of this method by increasing the number of nodal points. In addition, illustratively, the results of absolute maximum relative errors and root mean square relative errors are plotted as a function of nodal points are shown in Fig. 4 and Fig. 5 , respectively. According to Fig. 4 and Fig. 5 , it can be seen that both errors have the same results no matter what linear or quadratic polynomial bases are used for nodal shape construction; moreover, increasing a number of nodal points can be decreased maximum relative errors and root mean square relative errors. It can be observed that the agreements between numerical and exact solutions are quite excellent, and the convergence is very good as well as computational efficiency.
Uniformly Distributed Load on a Simply Supported Square Plate
An exact solution in term of deflection is given by   For numerical implementation of Example 4.2, a characteristic length that is related to the nodal spacing in the local domain of the point of interest must be reconsidered and changed to include small number of nodes in order to avoid the singular of moment matrix leading open-end research for criteria which has been satisfied in terms of compact support. Similarly, Fig. 6 shows the fictitious values w versus exact solution and absolute value of the difference between exact solution and approximate solution while tabular errors using linear basis and quadratic basis for nodal shape construction of Example 4.2 are shown in Table 3 and Table 4 , respectively. According to both tables, these results show the convergence of this method by increasing the number of nodal points. In addition, illustratively, the results of absolute maximum relative errors and root mean square relative errors are plotted as a function of nodal points are shown in Fig. 7 and Fig. 8 , respectively. In addition, the numerical result measured by absolute maximum relative errors and root mean square relative errors, which are less than 0.2 percent, are acceptable when choosing the number of nodal points more than 121. 
Hydrostatic Load on a Simply Supported Rectangular Plate
An exact solution in term of deflection is given by 
Unlike previous numerical examples, we construct MK nodal shape function by using unconventional nodal arrangement for numerical result perspectives. 11x11 typical unconventional nodal arrangement is chosen for constructing MK nodal shape function with using linear and quadratic polynomial basis. Illustratively, the fictitious values and exact solution is shown corresponding linear, quadratic and cubic polynomial basis in Fig. 9 and Fig. 10 , respectively. Similarly, these figures show that their exact solutions versus fictitious values have the same outcome. 
Firstly, before constructing moving Kriging nodal shape function, a 152-nodal-point proper arrangement corresponding to problem geometry, a hollow plate, which shown in Fig. 11 is conducted. Secondly, choosing linear and quadratic polynomial bases based on MK with this nodal arrangement, we obtain the shape function. Finally, computing numerically integrands according to discretization section we obtain trial function, namely, an approximate solution of plate deflection Fig. 11 . A hollow-plate nodal arrangement.
For the implementation, using linear and quadratic polynomial basis, an exact solution and an approximate solution are shown in Fig. 12 and Fig. 13 respectively. The maximum absolute value of the difference between an exact solution and an approximate solution is approximately 0.001376 while the maximum of root mean square value of the difference between an exact solution and an approximate solution is approximately 0.000722 when using either linear polynomial basis or quadratic polynomial basis.
According to the result of the selected numerical examples in engineering aspects, apparently, both of errors using quadratic polynomial basis have a somewhat lower than that of linear polynomial basis; moreover, increasing a number of nodal points can be decreased maximum relative errors and root mean square relative errors. Normally, quadratic polynomial basis somewhat is better criterion for constructing the nodal shape function than that linear polynomial basis; furthermore, increasing a number of nodal points can be decreased maximum relative errors and root mean square relative errors. In addition, unconventional nodal arrangement can also consider constructing shape function; consequently, there will be useful to tackle the problems on the irregular domain. Apparently, it can be seen that the agreements between numerical and analytical results are quite excellent, and the convergence is very good as well as computational efficiency. Increasing the number of nodal points is a one of crucial factor for providing the convergence of the solution as well as an appropriate choice of nodal shape construction.
Conclusions
An alternative meshless method, a specific numerical method, has been presented for solving thin plates problems subjected to various loads. Moving Kriging interpolation method is considered for constructing nodal shape functions as well as two field variables scheme is proposed by decomposing the biharmonic equation into a coupled of Poisson's equations; furthermore, two-field variables local weak forms using Heaviside function enable us to tackle the complicated conventional local weak form of the biharmonic equation in the sense of numerical quadrature occurring in conventional local weak form as well as impose straightforward the simply supported boundary condition, For these reasons, computer literacy is also conducted systematically in the sense of easiness and robustness and its implementation is also acceptable as well. Comparing between exact solution and approximate solution for all examples, numerical results show that using the quadratic polynomial or linear basis gives quite accurate numerical results. Using moving krigking method for constructing nodal shape function, it can be concluded that there are no the difference between absolute maximum relative error and root mean square relative error results when using many more the number of nodal points.
